Background: Internet adoption during the past decade has provided opportunities for innovation in advanced cardiac life support (ACLS) training. With pressure on budgets across health care systems, there is a need for more cost-effective solutions. Recently, traditional ACLS training has evolved from passive to active learning technologies. The objective of this study is to compare the cost, cost-savings and return on investment (ROI) of blended ACLS (B-ACLS) and face-to-face ACLS (F-ACLS) in Singapore. Methods: B-ACLS and F-ACLS courses are offered in two training institutes in Singapore. Direct and indirect costs of training were obtained from one of the training providers. ROI was computed using cost-savings over total cost if B-ACLS was used instead of F-ACLS. Results: The estimated annual cost to conduct B-ACLS and F-ACLS were S$43,467 and S$72,793, respectively. Discounted total cost of training over the life of the course (five years) was S$107,960 for B-ACLS and S$280,162 for F-ACLS. Annual productivity loss cost account for 52% and 23% of the costs among the F-ACLS and B-ACLS, respectively. B-ACLS yielded a 160% return on the money invested. There would be 61% savings over the life of the course if B-ACLS were to be used instead of F-ACLS. Conclusion: The B-ACLS course provides significant cost-savings to the provider and a positive ROI. B-ACLS should be more widely adopted as the preferred mode of ACLS training. As a start, physicians looking for reaccreditation of the ACLS training should be encouraged to take B-ACLS instead of F-ACLS.
Introduction
Competency in advanced cardiac life support (ACLS) is a core component of many undergraduate 1, 2 and postgraduate medical curricula. 3, 4 Each year, more than 1.5 million medical professionals around the world attend advanced resuscitation courses. With pressure on budgets across health care systems, [5] [6] [7] there is a constant search for a more cost-effective alternative for training.
The growing adoption of the internet has revolutionized the delivery of health care education. 8 Traditional ACLS (face-to-face (F)-ACLS) training has evolved from passive 760045P SH0010.1177/2010105818760045Proceedings of Singapore HealthcareGeorge et al. research-article20182018 Original Article (classroom learning) to active learning technologies such as eLearning, blended learning and simulation. 9 F-ACLS is a 12-hour course offered by hospitals and private training providers to train physicians; 10 it consists both of didactic (faceto-face) and case-based discussion in an interactive learning environment. The course covers the following topics: advanced airway management, recognition of cardiac arrest rhythms and arrhythmias, management of medical emergencies-respiratory arrest, witnessed ventricular fibrillation, persistent ventricular tachycardia, pulseless electrical activity, asystole, bradycardia, acute coronary syndromes, and pharmacology of commonly utilized cardiovascular drugs and their administration. Upon successful completion of the theory and practical assessment, the participant is awarded an ACLS certificate, which is valid for two years.
Alternatives to the traditional model such as DVD 11, 12 or electronic learning (eLearning) and blended learning solutions 13 have proven to be effective alternatives for ACLS training. [14] [15] [16] [17] Blended ACLS (B-ACLS) 10 offered to physicians is conducted in three parts (Figure 1 ). Part 1 is offered online in which the participant learns through interactive lessons, video presentations and progressively staged quizzes. Participants have 24/7 access to the online lessons and materials, and are given up to 60 days to complete Part 1 online. They need to complete the Part 1 theory test before they can proceed to Parts 2 and 3 (five hours). In Part 2, participants have hands-on practice on the various clinical scenarios, such as cardiac arrest, bradycardia and shock under the guidance of ACLS instructors. Part 3 is the practical assessment.
Although studies [18] [19] [20] have shown favorable results with B-ACLS training, there is a dearth of studies assessing its cost and return on investment (ROI). This study compared the cost, cost-savings, and ROI of B-ACLS and F-ACLS training for physicians in Singapore.
Methods
This study compares costs of B-ACLS, F-ACLS courses for physicians offered at Singapore First Aid Training Centre (SFATC) 10 and evaluates the ROI to the training provider by comparing costs over benefits (cost-savings if B-ACLS is used in place of the F-ACLS course) over a five-year time horizon. Cost data as of April 2016 were collected from the training provider and used for the ROI estimation.
Cost
F-ACLS is offered as a 1.5-day course with an average intake of three learners per class and is conducted 14 times a year while B-ACLS is offered as a 0.6-day course (five hours) with an average intake of five learners per class, conducted 15 times a year. Direct and indirect costs both of B-ACLS and F-ACLS were obtained from the training provider. Fixed costs included costs for facilities, hardware, software, maintenance and course development/production and revision costs ( Table 1) . Facility cost was calculated based on utilization percentage of the facility for B-ACLS (3.5%) and F-ACLS (7%) of the overall facility cost ($95,238).
Variable cost changes with the number of sessions per year include instructor costs, learners' cost (productivity loss) and travel cost (Table 1) . Productivity loss refers to the cost to the employer every time the learner is away on training; this was computed by multiplying total number of learners and their average hourly salary and hours spent both on travel and training. Average travel cost for B-ACLS and F-ACLS was $14 and $28, respectively. Five-year cost was computed by multiplying travel cost × number of learners per class × number of classes per year. All costs presented in this paper were calculated in Singapore dollars (SGD) and converted to United States dollars (USD) with time-discounting of 4% of the total cost over the life of the course. 21 As of January 1, 2016, SGD1.00 is equivalent to USD 0.70 and USD 1.00 is equivalent to SGD1.428. Detailed cost computation is presented in the supplementary file available at https://drive.google.com/ open?id=1M27J_rJeOiIhLe8D98W82c3i8-Y-446T.
Benefits
The benefits considered for this analysis were the cost-savings between B-ACLS and F-ACLS. ROI is a comparison of net benefit (dollar benefits to the cost of the program). In this study, ROI was computed by dividing the cost-savings between B-ACLS and F-ACLS by the total cost of B-ACLS, expressed as a percentage and ratio. Calculations were performed using MS Excel, version 2010 (Appendix Figures A.1 
, A.2 and A.3).

Assumptions
The following assumptions were made in this study as the data were not collected.
The lifespan of the B-ACLS and F-ACLS courses were
taken as five years. This assumption was made keeping in view the revision cycle of ACLS scientific updates, which is five years. 22 Hence, the current course could be used for the next five years without modifications to the course content. 2. Average annual compensation for trainees who are usually physicians (registrar level) was assumed to be SGD120,000 (equivalent to USD83,939). 23 The analysis was performed from the societal perspective and the outcome measures were:
• total saving over the lifespan of the course;
• average savings per month for B-ACLS;
• ROI % and ratio; and • months to break even for B-ACLS.
Sensitivity analysis
Multiple univariate sensitivity analysis was performed on several input variables to test their impact on the outcomes (Table 2 ).
Results Table 1 shows the costs for conducting the F-ACLS and B-ACLS courses. Recurring development (revision and updating) costs accounted for 13% and 4% of the fixed cost for the B-ACLS course and F-ACLS course, respectively. Annual costs of productivity loss, travel costs and reading material costs was lower by 76%, 63% and 55% respectively in B-ACLS when compared to F-ACLS. Instructor costs were 70% lower for the B-ACLS group when compared to the F-ACLS group. The estimated annual cost was 1.7 times higher for F-ACLS when compared to B-ACLS. Similarly discounted total cost of training over the life of the course (five years) was 2.9 times higher for F-ACLS when compared to the B-ACLS course. Cost of productivity loss account for 53% and 21% of the costs among the F-ACLS and B-ACLS, respectively. The cost-savings and ROI are presented in Table 1 . B-ACLS training for physicians provides the best training value with an ROI of 160% over its lifespan. For every dollar invested in B-ACLS, the organization will save USD1.60 in training cost. In business language, one USD dollar invested brings 160% of returns in five years. This translates to 61% savings over the lifespan of the course if B-ACLS were to be used instead of F-ACLS.
Months to break even for B-ACLS training were estimated to be 38 (Table 2) . When there are at least 15 sessions for B-ACLS per year with three learners in each session and 15 sessions for F-ACLS per year with five learners in each session, the cost advantage for B-ACLS increases steadily over F-ACLS with increasing numbers of sessions per year. Figure 2 shows the projected cost-differential between F-ACLS and B-ACLS for increasing sessions per year. Figure 3 shows the results of the sensitivity analyses performed using the most and least favorable conditions for all variables. The model was most sensitive to variations in life expectancy of the B-ACLS, followed by the class duration of B-ACLS course (Figure 3) . The ROI for the sensitivity analysis ranged from 15% to 370% for the least favorable conditions, with an average of 179% favoring B-ACLS, and from 49% to 400% for the most favorable conditions, with an average of 197% favoring B-ACLS.
Discussion
Blended learning, a combination of traditional face-to-face learning and asynchronous or synchronous eLearning, is now widely used in life support training for physicians. [24] [25] [26] [27] The International Liaison Committee of Resuscitation evaluated the use of eLearning for basic life support training and passed recommendations to consider video-or computer-based learning as an alternative to instructor-delivered life support training. 28, 29 At this juncture our study was planned to determine the cost-savings and ROI of B-ACLS versus F-ACLS training for physicians in Singapore.
Studies worldwide have assessed the effectiveness of the blended ACLS/advanced life support (ALS) training for physicians and have showed that they achieved similar learning outcomes to face-to-face courses 16, [23] [24] [25] at reduced costs. 30 Ali et al. assessed the potential of eLearning (telemedicine technology) to teaching advanced trauma life support (ATLS) and found that knowledge and skills scores were similar for the eLearning and the standard ATLS course. 24 Furthermore, three randomized, controlled trials evaluated eLearning before 25 or after 26, 27 standard face-to-face ALS training. Two of these studies found no difference in knowledge or skills between the eLearning intervention and the standard intervention, whereas the third found small increases in knowledge domains in the e-ALS group. 26 Another open-label, randomized, controlled trial found that the blended approach to ALS training that included eLearning reduced the duration and costs of face-to-face training by one-half. The blended and conventional approaches had similar outcomes for knowledge-and skill-based domains. However, success rates in the CASTest were 6% lower in the e-ALS group than in the c-ALS group. 30 But not much is known about the cost-savings or ROI of this new technology to the provider.
The current study showed that B-ACLS training for physicians provides a 61% cost-savings over F-ACLS over five years to the provider and a 160% ROI, both in the base case and across a wide range of assumptions. The ROI (%) of 160 indicates that the course not only pays for itself, but it saves costs and time. So for every dollar invested in B-ACLS, the organization can save up to 1.60 SGD dollars in training cost in five years. Although there may be a substantial initial outlay for B-ACLS, the marginal cost of training approaches zero in the third year. The B-ACLS course offers a few advantages over the F-ACLS. It allows the trainer to use a combination of digital media and face-to-face instruction to improve efficiency of learning. It also offers adequate time for the trainer to update and enhance the learning content; trainers' time spent in the classroom for the B-ACLS course is one-third the time spent for the F-ACLS course. Another advantage of B-ACLS is that it offers learners the ability to vary the learning pace to suit their learning style and work commitments.
Limitations
Our study has inherent limitations. First, we included only cost-savings attributable to the reduction in training days and the productivity loss cost of the learner. The study did not include the passing/failing rates of B-ACLS, the number of retests conducted and the number of doctors who subsequently drop out or move on to undergo F-ACLS training; changes in workflow such as increased workflow efficiency, trainer productivity, increase in productivity of the learner, and the effect of training in patient care were not factored into the analysis, as the supporting data were not available. Thus, we foresee that the savings may actually be higher. Further studies are necessary to accurately understand the full impact of the training on direct patient care. Finally, as our study was based on a single site, the findings may not be generalizable. ROI can be used both to justify a planned investment and to evaluate the extent to which the desired return was achieved. However, it cannot measure all aspects of educational success such as whether physicians liked the training, or the increased motivation and satisfaction or the extent to which learners' personal objectives were achieved. The blended mode of ACLS training for physicians provides significant cost-savings to the provider. These savings could be used to enhance the use of technology to further improve physicians' learning experience. Further studies on this topic should assess the cost-effectiveness of the B-ACLS compared to the F-ACLS using objective assessment of the learners' knowledge, practical skills and their retention. This would lend greater support for including blended teaching approaches in ACLS/ALS training worldwide.
Conclusion
This study provides crucial cost and ROI comparison of the two different ACLS training approaches in Singapore. B-ACLS had a high positive ROI when compared to F-ACLS. Although B-ACLS has a high capital cost, the annual cost of training is cheaper than F-ACLS. Its ROI will improve further if the development costs become proportionately less in the future. Implementation of B-ACLS in place of F-ACLS in hospitals and academic centers may potentially lead to greater cost and time savings.
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